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(54) Air cleaner including a cold-plasma electrostatic catalytic device 



(57) An air cleaner is herein disclosed, said air 
cleaner being characterized in that it comprises a cold- 
plasma electrostatic catalytic device, comprising a sup- 
porting framework (6) and a sandwich construction, in- 
cluding a metal net (5) coupled to a high voltage gener- 

.-a 



ator (7), a perforated layer of polyester fibers (2), loaded 
by activated carbons, a polyester fiber layer (3) coated 
by a thin film of titanium dioxide (Ti0 2 ). a polyester fiber 
layer (4) coated by activated carbon, and a metal net (8) 
coupled to the ground of said high voltage generator (7). 
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tions and further polluting fractions of different natures. 
[0024] Yet another object of invention is to provide 
such an electrostatic filter operating with a comparative- 
ly low power consume, and which can be assembled 
and serviced in a comparatively short time and which, 
moreover, is very reliable and safe in operation. 
[0025] According to one aspect of the present inven- 
tion, the above mentioned aim and objects, as well as 
yet other objects, which will become more apparent 
hereinafter, are achieved by an air cleaner which com- 
prises an electrostatic catalytic device, operating based 
on the cold plasma properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Further characteristics and advantages of the 
present invention will become more apparent hereinaf- 
ter from the following detailed disclosure of the pre- 
ferred, though not exclusive, embodiment of an air 
cleaner including a cold-plasma electrostatic catalytic 
device, and which is illustrated, by way of an indicative, 
but not limitative, example in the figures of the accom- 
panying drawings, where: 

Figure 1 is a perspective view of an air cleaner ac- 
cording to the present invention; 
Figure 2 is a cross-sectioned side view of the air 
cleaner according to the invention; 
Figure 3 illustrates the operating principle of the 
electrostatic air cleaner according to the invention; 
Figure 4 is a 3-D exploded view illustrating a mod- 
ified embodiment of the air cleaner according to the 
present invention, including an interexchangeable 
cartridge. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] With reference to the number references of the 
above mentioned figures, the air cleaner according to 
the present invention, which has been generally indicat- 
ed by the reference number 1, comprises a supporting 
framework, generally indicated by the reference number 
6, including, through the overall depth thereof, a sand- 
wich construction, comprising a metal net 5, coupled to 
a high voltage generator 7. with a polyester fiber perfo- 
rated layer 2 loaded with active carbons, a polyester fib- 
er layer 3, covered by a thin film of titanium dioxide 
(Tt0 2 ), a polyester fiber layer 4, coated by an activated 
carbon coating, a metal net 8 coupled to the ground of 
said high voltage generator 7. 

[0028] The elements 5 and 2 form an electrode of a 
device for generating a strong flow of free electrons, un- 
stable ions and molecules, of a strongly reactive type. 
[0029] The above mentioned flow is called "cold plas- 
ma" or non-thermal plasma, for distinguishing it from a 
thermal status plasma in which the molecular ionization 
is induced by the thermal energy produced by a temper- 



ature increase. 

[0030] The non thermal or cold plasma, on the con- 
trary, is generated by an electromagnetic energy, i.e. by 
applying a high pulsed potential difference with respect 

s to a reference electrode comprising the stages 4 and 8 
and being electrically coupled to the ground. 
[0031 ] Said potential difference will provide, by induc- 
tion, an electric field having a corresponding amplitude 
or strength and an opposite orientation, which operates 

10 to perform an ionizing process. 

[0032] The mentioned layer 3 is traversed by the 
above disclosed flow, and, being arranged between the 
two mentioned electrodes, it will have a double function 
of collector or manifold and of catalytic reactor. 

f5 [0033] The polluting particle fraction, being suspend- 
ed in air, as it is subjected to said cold plasma, will as- 
sume an electrostatic charge allowing It to be attracted 
by the polyester fibers of the layer 3, having an opposite- 
sign electrostatic charge. 

20 [0034] Depending on the acquired charge amount, 
which, in turn, depends on the physical-geometrical and 
chemical characteristics of the individual particles, the 
latter will be attracted by the fibers of the layer 3 or the 
fibers of the following layer 4. 

25 [0035] Then, in their trajectory path, corresponding to 
the layer 3, the volatile organic substances are subject- 
ed to an oxidation process. 

[0036] In fact, the cold plasma is characterized by the 
presence of greatly accelerated and energetic elec- 
30 trons, which, by impacting against the environment-tem- 
perature air molecules, will form oxidating radicals OH" 
and 0~, which can directly react with the polluting sub- 
stances to form other oxidating substances such as 0 3 , 
OOH. 0 2 .. 

35 [0037] Moreover, a great photon amounts having a 
wave length in the UV spectrum range from 1 60 to 220 
nm, and providing two important effects, are generated. 
[0036] The first of said effect is the actuating of the 
photocatalytic properties of said titanium dioxide, due to 

40 the passage of the electrons from the valence band to 
the conductive band, for which it is sufficient the energy 
of a photon of 3.2 eV, that is at a wave length less than 
387 nm. 

[0039] In particular, the photons generated inside the 
45 plasma are suitable to activate or energize said titanium 
dioxide, thereby forming, after a series of reactions in- 
volving charge transfers, further free oxidating radicals. 
[0040] A direct consequence of this is that the pollut- 
ing molecules, which are passing through an environ- 
so ment saturated by strongly oxidating chemical species, 
are quickly decomposed. 

[0041] The second effect is that of a strong biocide 
action, due to the UV radiation (160-220 nm), to which 
the most part of pathogen microorganisms are greatly 
55 sensible, owing to the irreversible and noxious altera- 
tions produced by the UV radiation in the intracellular 
structure; for example, a formation of free radical in cy- 
toplasm. 



3 



BNSDOCID: <EP 1249265AlJ_> 



said box element can be removed and replaced by a 
new one, thereby recovering the full operating capabil- 
ities of the air cleaning device. 

[0064] Said metal framework is characterized by a 
shape, a size and an electric contact arrangement suit- 
able to allow to easily replace the commercially availa- 
ble electrostatic filters in finished apparatus, without re- 
quiring any modifications of the supporting structures. 
[0065] Moreover, it is provided to deposit, on the air 
exposed gaseous substance structures, a titanium di- 
oxide (Ti0 2 ) film of an Anatase or Rutile type, or in a 
mixture according to any desired mixing ratio, with an 
optional addition of substances suitable to extend the 
wave length range of the electromagnetic radiation nec- 
essary to activate said Ti0 2j such as Ru and the like 
compounds, according to the following method: 

a) preparing of a 15% solution of polyvinyl alcohol 
in water; immersing the particle material to be coat- 
ed into this solution and then drying to room tem- 
perature; 

b) providing a 15% suspension of Ti0 2 in water; 

c) immersing the particle material to be coated into 
said suspension and percolating the excess mate- 
rial; 

d) quickly drying the particle material through the 
exposition to a RF field having a frequency from 2 
to 4 GHz for few seconds. 

[0066] The above method allows to make a firm coat- 
ing, of a highly reactive nature, since it does not include 
polluting substances, and this without damaging the 
supporting material even if the latter comprises a mate- 
rial having a poor resistance against high temperature 
and organic solvents, such as polyester fibers. 
[0067] From the above disclosure it should be appar- 
ent that the invention fully achieves the intended aim 
and objects. 

[0068] In particular, the fact is to be pointed out that 
an electrostatic air cleaner has been provided, charac- 
terized by the use of a cold plasma barrier, i.e. at room 
temperature, specifically designed for providing an op- 
timum broad spectrum filtering of the polluting substanc- 
es. 

[0069] This air cleaner has a very high filtering effi- 
ciency, very low making and servicing costs, and a very 
small power drain. 

[0070] The invention, as disclosed, is susceptible to 
several modifications and variations, all of which will 
come within the scope of the invention. 
[0071] Moreover, all of the constructional details can 
be replaced by other technically equivalent elements. 
[0072] in practicing the invention, the used materials, 
as well as the contingent size and shapes, can be any, 
depending on requirements. 



8 

Claims 

1. An air cleaner, characterized in that said air clean- 
er comprises a cold-plasma electrostatic catalytic 

5 device. 

2. An air cleaner, according to Claim 1 , characterized 
In that said air cleaner comprises a supporting 
framework (6) and a sandwich construction, includ- 

10 ing a metal net (5) coupled to a high voltage gener- 
ator (7), a perforated layer of polyester fibers (2), 
loaded by activated carbons, a polyester fiber layer 
(3) coated by a thin film of titanium dioxide (Ti0 2 ), 
a polyester fiber layer (4) coated by activated car- 

15 bon, and a metal net (8) coupled to the ground of 
said gigh voltage generator (7). 

3. An air cleaner, according to one or more of the pre- 
ceding claims, characterized in that said metal net 

20 (5) and polyester fiber layer (2) provide an electrode 
of a device for generating a strong free electron 
flow, ions and strongly reactive unstable molecules, 
the so-called cold plasma. 

25 4. An air cleaner, according to one or more of the pre- 
ceding claims, characterized in that said cold plas- 
ma, i.e. a non thermal plasma : is generated by an 
electromagnetic energy induced by a high pulsed 
potential difference, provided by said high voltage 
30 generator (7) and directed toward a reference elec- 
trode including said polyester fiber layer (4) and 
said metal net (8) and electrically coupled to said 
ground or earth of said high voltage generator (7). 

5. An air cleaner, according to one or more of the pre- 
ceding claims, characterized in that said layer (3) 
is traversed by a free electron, ion, ionized molecule 
flow, of a unstable and great reactive nature, and 
being intertwined between two electrodes, the first 
of which includes said metal net (5) and layer (2) 
and the second of which includes said layers (4) and 
(8). 

6. An air cleaner, according to one or more of the pre- 
ceding claims, characterized in that the polluting 
particle fraction suspended in the gaseous or air 
substance and affected by said cold plasma, as- 
sumes an electrostatic charge allowing it to be 
picked up by the polyester fibers of said layer (3) 
having an opposite-sign electrostatic charge. 

7. An air cleaner, according to one or more of the pre- 
ceding claims, characterized in that the single par- 
ticles of said polluting fraction suspended in said 
gas or air substance, depending on the acquired 
charge amount which in turn depends on physical- 
geometrical parameters, are attracted by said fibers 
of said layer (3) and of said following layer (4). 
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said gaseous or air substance directed to following 
constructions; said windings being coupled to a 
suitable RF generator, to provide said plasma in 
said gaseous or air substance. 



24. An air cleaner including a cold-plasma electrostatic 
catalytic device, according to one or more of the 
preceding claims, and substantially as broadly dis- 
closed and illustrated in the preceding description 
5 and in the figures of the drawings enclosed in the 
subject Industrial Invention Patent Application. 



19. An air cleaning device : according to one or more of 
the preceding claims, characterized in that the 
construction disclosed in item A), including a die- 
lectric material framework, supports a pattern of 
electroconductive material wires (for example io 
made of tungsten or carbon) equispaced from one 
another and coupled to a suitable air voltage gen- 

. erator, with an optional interposition of earth cou- 
pled conductive material plates. 

15 

20. An air cleaning device : according to one or more of 
the preceding claims, characterized in that the 
construction disclosed in item A) is integrated in a 
metal frame, which houses therein said construc- 
tions of items B) and C) held in an interexchangea- 20 
ble box element operating as a manifold. 

21 . An air cleaning device, according to one or more of 
the preceding claims, characterized in that at the 
end of the operating life thereof, said box-like ele- 25 
ment is removed and replaced by a new one, there- 
by recovering the full operating capabilities of said 
device. 

22. An air cleaning device, according to one or more of 30 
the preceding claims, characterized in that said 
metal frame has a shape, size and arrangement of 
electric contacts allowing commercially available 
electrostatic filters of finished available apparatus 

to be easily replaced without requiring any modifi- 35 
cations of the supporting constructions. 

23. An air cleaning device : according to one or more of 
the preceding claims, characterized by depositing, 

in the constructions exposed to said gas or air sub- *o 
stances of items B and optionally C, a film of titani- 
um dioxide (Ti0 2 ) of an anatase or rutile type or a 
mixture thereof in any desired ratio, with an optional 
addition of substances suitable to extend the wave 
length range of the electromagnetic radiation nec- «s 
essary for activating said Ti0 2 (wsitching of elec- 
trons from the valence band to the conduction band) 
such as Ru compounds and the like, according to 
the following procedure: a) preparing a 15% solu- 
tion of polyvinyl alcohol in water; immersing the el- 50 
ement to be covered into said solution and then dry- 
ing at room temperature; b) preparing a 15% sus- 
pension of Ti0 2 in water; immersing the element to 
be coated into said suspension; percolating the ex- 
cess material; quick drying said element to be coat- 55 
ed by an exposition to a RF field having a frequency 
from 2 to 4 GHz for few seconds. 
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